Objective-To assess the long term functional result after percutaneous mitral commissurotomy and identify the predictors of event-free survival following 10 years of experience. Design-Analysis of clinical, echocardiographic, and haemodynamic variables at baseline and after the procedure by univariate and multivariate analyses (Cox model). Setting-University hospital. Patients-532 consecutive patients receiving percutaneous mitral commissurotomy in the same institution. Results-The mean (SD) follow up was 3.8 (4.0) years. Survival at 3, 5, and 7.5 years was 94%, 91%, and 83%, respectively; event-free survival was 84%, 74%, and 52%. Mitral valve anatomy was identified as the strongest independent predictor of eventfree survival. Age, cardiothoracic ratio, mean pulmonary artery pressure, and mean echocardiographic mitral gradient after commissurotomy were also found to be independent predictors of long term functional result. Event-free survival was 92%, 84%, and 70% at 3, 5, and 7.5 years in patients with favourable anatomy (echo score = 1), 86%, 73%, and 34% in patients with intermediate anatomy (echo score = 2), and 45%, 25%, and 16% in patients with unfavourable anatomy (echo score = 3). In patients aged < 65 years, the event-free survival rate was 80%, 70%, and 45% at 3, 5, and 7.5 years v 52%, 38%, and 17% in patients aged > 65 years. Conclusions-The anatomical form of the mitral valve and the patient's age were the most powerful predictors of event-free survival. Patients with intermediate or unfavourable anatomy and those aged > 65 years have low 5 and 7.5 year event-free survival rates. This must be taken into account when discussing the indications for percutaneous mitral commissurotomy; immediate mitral valve replacement is a reasonable alternative to balloon mitral commissurotomy in patients with higher risk of functional deterioration after the procedure. (Heart 1998;80:359-364) 
Since percutaneous balloon mitral commissurotomy was first introduced by Inoue et al in 1984, 1 it has been widely used in the treatment of mitral stenosis. Several studies have reported immediate, 2-9 short term, [10] [11] [12] and mid-term [13] [14] [15] results of mitral commissurotomy, and its ability to improve the functional class of the patient as a result of an increase in mitral valve area. 16 Clinical trials have also compared the immediate results of balloon mitral commissurotomy with surgical closed chest mitral commissurotomy and have suggested that balloon mitral commissurotomy is a suitable alternative to surgery in patients with mitral stenosis and suitable valve anatomy. [17] [18] [19] It has been shown that the predictive factors for a good immediate result after mitral commissurotomy depend directly on the baseline mitral valve anatomy, which is the basis of a precommissurotomy scoring system. [20] [21] [22] [23] To date, several reports on mid-and long term outcome after balloon mitral commissurotomy and associated predictive factors have been published, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] but in most cases there have been small sample sizes or short periods of observation. For this reason we have undertaken a follow up study of our 10 year experience of percutaneous mitral commissurotomy.
Methods
From February 1986 to February 1996, 532 patients underwent percutaneous balloon mitral commissurotomy by trans-septal approach in our institution. The double balloon technique was used in the first 161 patients and the Inoue balloon in the remaining 371. Clinical, echocardiographic, and haemodynamic data were analysed retrospectively.
Cross sectional echocardiography and Doppler colour flow imaging were performed in all patients one or two days before commissurotomy and within 48 hours afterwards. Mitral valve anatomy was scored by cross sectional echocardiography and fluoroscopy on the basis of the three group classification proposed by Iung and co-workers 23 -group 1: pliable non-calcified anterior mitral leaflet and mild subvalvar disease (thin chordae > 10 mm long); group 2: pliable non-calcified anterior mitral leaflet and severe subvalvar disease (thickened chordae < 10 mm long); group 3: calcification of mitral valve of any extent, as assessed by fluoroscopy, whatever the state of the subvalvar apparatus. Commissural splitting and mitral valve area (planimetry) were assessed from the parasternal short axis view. Mean transmitral pressure gradient was determined from the continuous wave Doppler mitral velocity profile across the mitral valve in the apical four chamber view. Mitral regurgitation was detected and graded semiquantitatively with colour flow mapping in the parasternal long axis and apical four chamber view.
FOLLOW UP
Follow up data were obtained either during hospital admission or readmission, or during patient visits to the outpatient department, or from a standardised questionnaire sent to patients and their attending physicians and cardiologists. On data collection, particular emphasis was placed on clinical and echocardiographic variables as potential predictive factors of long term outcome after commissurotomy. The clinical variables considered were age, sex, atrial fibrillation, cardiothoracic ratio, New York Heart Association (NYHA) functional class, and history of previous surgical commissurotomy or mitral commissurotomy. The cross sectional echocardiographic variables considered were mitral valve anatomy (echo score grade 1 was classed as anatomically favourable, echo score grade 2 as intermediate, and echo score grade 3 as unfavourable), left atrial diameter, mean transmitral gradient, mitral valve area assessed by planimetry, and severity of mitral regurgitation before and after mitral commissurotomy. The haemodynamic variables considered were: mean left atrial and pulmonary artery pressures, mitral valve area (Gorlin method), absolute gain in mitral valve area, and severity of mitral regurgitation before and after commissurotomy. We also considered whether the type of balloon used (Inoue or double balloon) had any eVect on long term outcome.
MAJOR EVENTS
Major events were defined as death (cardiac or non-cardiac), the need for mitral valve surgery (open chest mitral commissurotomy or mitral valve replacement) or repeat commissurotomy, persistence of functional impairment (grade III or IV of the NYHA classification), and entry to or return to NYHA class III/IV after initial improvement.
STATISTICAL ANALYSIS
Survival curves were generated by the KaplanMeier method. 35 Late follow up results were determined using a composite end point, defined as survival with no mitral valve replacement, repeat percutaneous mitral commissurotomy, entry to or return to NYHA functional class III/IV, and death from cardiac or non-cardiac cause. Results were censored at the time of any of these end points.
Survival analysis was based on all 532 patients. Sixteen preprocedure related variables (table 1) and nine postprocedure related variables (table 2) were evaluated by Cox proportional hazard regression to identify predictors of poor outcome after commissurotomy. For continuous variables, patients were categorised into clinically accepted groups, as indicated in tables 1 and 2. Univariate analysis was performed using a log-rank test on the 25 preand postprocedure related variables. The hazard ratios from the Cox analysis were used as estimates of relative risk.
To obtain independent predictors of long term poor outcome, multiple Cox regression analysis was performed with significant explanatory variables from the univariate analysis. Variables were included in the models if the probability for inclusion was less than 0.10, using a stepwise procedure. A variable was removed if the associated probability exceeded 0.15. The 95% confidence interval for relative risk was derived from the natural algorithm of the coeYcient ± 1.96 times the standard error. The hypothesis of proportional hazards was verified according to the method of Moreau et al. 36 Survival curves were generated by multivariate methods to correct for the eVects of other covariates. 37 Estimates of errors cited in the text are mean (SD).
Data were analysed using the BMDP statistical software package (University of California, Berkeley, California, 1990).
Results
The results include data collected for 532 patients. Sixty nine (12.9%) were referred from abroad, mainly from northern Africa, 19 of whom were subsequently lost to follow up. Average age was 54 (13) years; 424 (79.7%) were female, 108 (20.3%) male; atrial fibrillation was present in 238 (44.7%); average cardiothoracic ratio was 0.54 (0.07); and 96 patients (18%) had a history of previous surgical commissurotomy. Sixty nine (12.9%) were in NYHA class I, 215 (40.4%) in class II, 222 (41.7%) in class III, and 26 (5%) in class IV. Favourable anatomy was present in 236 patients (44.4%) (echo score grade 1), intermediate anatomy in 220 (echo score grade 2), and unfavourable anatomy in 76 (echo score grade 3).
HAEMODYNAMICS
Mitral valve area determined by planimetry was on average 1.04 (0.25) cm 2 before the procedure and increased to 1.68 (0.34) cm 2 after the procedure (p < 0.01). The mean mitral gradient was 12.2 (4.4) mm Hg before the procedure, and decreased to 4.9 (2.1) afterwards (p < 0.01). On colour flow imaging, 527 of the 532 patients (99%) had mitral regurgitation < grade 1 and five (1%) > grade 1 before the procedure. After the procedure, mitral regurgitation < grade 1 was found in 442 patients (83%), and > grade 1 in 90 (17%).
Mitral valve area calculated from the haemodynamic data was 1.10 (0.3) cm 2 and increased to 2.0 (0.4) cm 2 after the procedure. The transmitral gradient decreased from 12 (4) to 4.5 (2) mm Hg, p = 0.01; mean left atrial pressure from 18 (5) to 10.5 (5) mm Hg, p = 0.01; and mean pulmonary artery pressure from 26 (4) to 20 (2) mm Hg, p = 0.01. Mitral regurgitation grade 1+ was present in 158 patients before commissurotomy. After the procedure, 396 patients had grade 1 mitral regurgitation, 47 had grade 2 regurgitation, and 21 had grade 3 regurgitation or more.
EARLY RESULTS OF COMMISSUROTOMY
The success rate, defined as mitral valve area > 1.5 cm 2 and mitral valve regurgitation < 2+ at the end of the procedure, without major adverse clinical events, was 77% (410) in the whole cohort. The procedure was unsuccessful in 122 patients (23%). Failure of the procedure was related to hospital death from retroperitoneal bleeding complicated by sepsis in one patient; incomplete procedure in 12 patients (failure to puncture septum in one, failure to cross the mitral valve or to stabilise the balloon on the mitral valve in three, haemopericardium requiring urgent surgical or non-surgical drainage in six, air embolism in the coronary artery system due to balloon rupture complicated by severe ventricular arrhythmias in two); occurrence of massive mitral regurgitation grade 3+ or more (21 patients), requiring emergency surgery in three, treated electively by mitral valve replacement without operative death in 13, or not operated on because of good haemodynamic and clinical tolerance in three, or refusal of operation in two cases; and insufficient valve opening in 88 patients.
FOLLOW UP
Mean follow up was 3.8 (4.0) years. Survival rate in the whole population was 94%, 91%, and 83% at 3, 5, and 7.5 years, and event-free survival rate was 84%, 74%, and 52% at the same time intervals. Events occurring on follow up are shown in table 3. The total number of predefined events that occurred was 168 (31.5%). Twenty one patients (3.9%) died during follow up from cardiovascular related causes (sudden death in two, mitral valve replacement in three, cardiac failure in seven, acute myocardial infarction in three, cerebral vascular accident in three, pulmonary embolism in one, and bleeding complications in two); 13 patients (2.4%) died of non-cardiac related causes (intracranial haemorrhage in two, cancer in eight, tuberculosis in one, cirrhosis of the liver in one, and following surgery on the gastrointestinal tract in one). Twenty eight patients (5.3%) returned to (or entered) NYHA functional class III or IV after initial improvement (no echographic data available), and 106 (19.9%) underwent mitral valve replacement or repeat mitral commissurotomy-necessitated by a failed or unsuccessful procedure in 59 patients within days or weeks after the procedure, by progression of mitral regurgitation in two patients, by echographic restenosis in 18 patients, and by functional deterioration after initial improvement with no apparent anatomical reason in 27 patients.
FACTORS PREDICTING POOR OUTCOME AFTER

COMMISSUROTOMY
Eleven clinical and echocardiographic variables predictive of late adverse outcome were identified by univariate analysis. These included five preprocedure variables and six postprocedure variables. Preprocedure variables were atrial fibrillation, age > 65 years, cardiothoracic ratio > 0.54, left atrial diameter > 55 mm, and echo score. The postprocedure variables were all related to the immediate haemodynamic eVects of the commissurotomy-mitral regurgitation (colour flow mapping) > 1+, mean pulmonary artery pressure > 20 mm Hg, mean left atrial pressure > 15 mm Hg, pressure gradient (Doppler) > 6 mm Hg, mitral valve area (haemodynamic) < 1.7 cm 2 , and gain in mitral valve area < 0.7 cm 2 (table 4) . Five independent predictors of late adverse outcome were identified by multivariate analysis-three clinical preprocedure variables (echo score, age, cardiothoracic ratio) and two postprocedure variables related to the quality of the results of the procedure (mean pulmonary artery pressure and mean transmitral gradient > 6 mm Hg (table 5) ). The values for event-free survival at 3, 5, and 7.5 years after the procedure, according to the five independent long term predictors, are given in table 6. The event-free survival according to echo score was particularly interesting (fig 1) . Event-free survival was 83%, 72%, and 63% at 3, 5, and 7.5 years in patients with an echo score of 1; 86%, 73%, and 34% in those with an echo score of 2; and 45%, 25%, and 16% in those with an echo score of 3 at the same time intervals. In the subgroups of patients with echo scores of 2 and 3, the same three independent predictors of poor long term outcome were identified: age > 65 years, NYHA class grade II, and mean mitral gradient after commissurotomy of > 6 mm Hg.
Discussion
The aim of our study was to determine the predictors of long term outcome after percutaneous mitral commissurotomy. The composite end point adopted in our study took into account cardiac and non-cardiac death, repeat mitral commissurotomy or surgery, and lack of functional improvement or functional deterioration (that is, return to NYHA class III or IV).
LONG TERM FUNCTIONAL OUTCOME Our study reports a 10 year experience of percutaneous mitral commissurotomy carried out in a single centre from February 1986 to February 1996. The average age of the patients in this series was relatively high compared with other series. The vast majority of the population was white, and only 69 (12.9%) of the patients were referred from abroad. Only 19 patients were lost to follow up, so homogeneous follow up data were available for 96.4% of patients. Our results confirm the acknowledged eYcacy of percutaneous mitral commissurotomy in terms of survival and event-free survival. With somewhat diVerent average ages and inclusion criteria, event-free survival was found to be 51% at five years by Cohen et al and 65% by Orrange et al, 26 34 both groups reporting series of patients in the older age range, and 76% by Iung et al, who only considered patients with a good initial result. 33 Few data have so far been reported after five years. Orrange et al, with a smaller series of 132 patients, found that 7 year and 5 year event-free survival figures were similar. 34 Ben Farhat et al reported excellent 7 year event-free survival (> 80%), but in 30 highly selected patients with favourable anatomy. 19 In our study, on the other hand, functional results deteriorated after five years, event-free survival rate being as low as 52% at 7.5 years. Late The other interesting finding of this study was that age and cardiothoracic ratio were also important predictors of long term functional outcome.
Postprocedure variables reflecting the quality of the procedure-that is, mean mitral gradient and residual pressure in pulmonary circulation-were also found to be independent predictors. Similar observations have been made by Palacios et al, 29 Iung et al, 33 and Orrange et al, 34 who identified postprocedure mitral valve area as a good predictor of long term functional outcome. Cohen et al and Dean et al both identified increased left ventricular end diastolic pressure, indicating that depressed left ventricular function, possibly induced by comorbidity, may also influence functional results. 26 31 Pulmonary artery systolic pressure was found to be predictive by Dean et al. 31 The presence of moderate mitral regurgitation was associated with poor long term outcome in a study by Alfonso et al. 40 Overall, it appears that there are useful prognostic indicators that should be recorded before mitral valve commissurotomy is undertaken, and of these the echo score is the most informative. The scoring system used in our study is based on a very clear definition of the anatomical form, taking into account the thickness and pliability of the valves, the length of the chordae, the degree of involvement of the subvalvar apparatus, and the presence or absence of calcifications on fluoroscopy. 23 This scoring system is easier to use in daily routine practice than other systems that are based on more complicated assessment of several variables. 20 
CLINICAL IMPLICATIONS
Our results show that the great majority of patients with adequate or intermediate anatomical form had event-free survival for up to five years after percutaneous mitral commissurotomy, but that the functional outcome deteriorated after five years in those with intermediate anatomical form. In patients with unfavourable anatomy, deterioration of the functional result started immediately after the procedure, event-free survival being as low as 45% after three years. Greater age and NYHA functional class were also among the independent predictors of poor functional outcome in patients with less favourable anatomy (echo scores of 2 or 3). Based on these observations, mitral valvoplasty can be strongly recommended for patients with favourable or intermediate valve anatomy, since this guarantees good functional results for at least five years in this particular subset of patients. In patients with unfavourable anatomy, our data suggest that the indications for percutaneous mitral commissurotomy should be reconsidered, since there are unlikely to be satisfactory midterm results at five years postprocedure. In such cases, mitral valve replacement might be indicated after a short period of observation. Postponement of mitral valve replacement in elderly people may result in them coming to surgery in a worse physical condition than at the initial screening, because of functional deterioration after a commissurotomy. Mitral valve replacement as a primary procedure in this subset of patients also makes economic sense, since the cost of balloon mitral commissurotomy, although not prohibitive, needs to be added to the cost of mitral valve replacement a few years later.
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